Leonardo Da Vinci's view that 'Water is the driver of nature' now signals alarm bells in a world with depleting water reserves, severe population pressure and a serious threat of worsening climatic conditions in the future. This thematic issue of Biologia, guest edited by the authors of this Foreword, brings together 47 papers that deal exclusively with the subject of biological and hydrological interactions in terrestrial environments. The work was presented at Biohydrology 2009, an international conference that brought together scientists from every corner of the globe. Held in Bratislava from 21-24 September 2009, it was the second meeting in this research area, following the successful first international Biohydrology conference held in Prague in 2006.
The theme of the Biohydrology 2009 conference was "A changing climate for biology and soil hydrology interactions". As the contributions presented in this issue of Biologia demonstrate, the research examined the myriad of processes underlying interactions between soil biology and hydrology. The different scales considered in the research were enormous, ranging from microscale processes associated with soil pores and microbes to regional-scale processes regulated by entire forests and watersheds.
An over-arching Plenary Session, convened by Prof. Coen J. Ritsema (Alterra, Wageningen University and Research Centre, Wageningen, The Netherlands), introduced all the themes of biohydrology through invited talks from leading research groups. In accordance with the entire conference, the subject areas and range of scales considered in the different research papers in the plenary session were vast.
Take for example the threat of climate change at national scale. From data on climate and hydrology for Slovakia from 1951 -2007 found that temperature increased by 0.9 • C over the 20-years preceding 2007. Annual total runoff did not change significantly, but substantial changes were found in the runoff regime. In the Amazon rainforest, Cardoso et al. modelled a decrease of tropical-forest resilience resulting from deforestation and presence of ignition sources. Also at larger scale was the research of Cammeraat and Kooijman who studied the effect of soil fauna and vegetation on the development of landscapes. They demonstrated the major influence that biology has on soil formation, geomorphological development and hydrological response.
Further research on the influence of soil fauna can be found in the contribution by Smettem who examined runoff generation in relation to the temporal stability of soil macropores formed by earthworms. Although earthworms can potentially increase water infiltration considerably, macropore sealing in unstable soils resulted in only 10.7% less runoff water in soils abundant in earthworms compared to an earthworm free control. Soil fauna and smaller organisms such as bacteria and fungi interact considerably with soil structure, driving its formation and relying on its tortuous pore network for habitat and gas exchange. An extreme example of soil depleted of life and physical structure was studied by An et al. in research on soils from China's Loess Plateau. Restoring this heavily degraded soil through grassland revegetation increased soil microbial biomass considerably, with resulting positive impacts to the physical stability of soil aggregates. Such understanding of improving the physical conditions of degraded soils through biological inputs is essential to environmental sustainability.
Whether aggregates that form in soil play a role in sequestering carbon and protecting microorganisms was the subject of the study by Goebel et al. They found that protection by aggregation was effective primarily for soils with a large pool of labile organic matter regardless of their usage as arable land or forest. Horn and Peth also examined the formation of aggregates in soil and the potential impacts of land management. The microbial environment in aggregated soil was much different than homogenized material, showing the importance of a well structured, rigid pore system to O 2 influx, CO 2 efflux and habitat diversity. The pa-P.D. Hallett et al.
per by Salvucci et al. examined the interaction between the soil pore system and the transport of the microbial pathogen Salmonella in soil. Whilst previous studies using E. coli found large impacts of biofilms on pathogen transport in unsaturated soils, this study found no differences between Salmonella phenotypes that produced biofilms with different properties.
The plenary session papers described so far demonstrate the incredible complexity of the interactions between soil hydrology and biology. Modelling the impacts on water transport presents a considerable challenge, but Šimůnek et al. have made considerable advances by extending HYDRUS to account for biological processes. As the most widely used model of water and contaminant transport in soils, the extensions to the model described in their paper offer the opportunity to improve the modelling of the transport of contaminants and water in biologically active soil. Technologies to study or manipulate biological and hydrological interactions in soil form the remainder of the plenary session papers. De Rooij et al. developed polymer tensiometers that measure very negative water potentials. These instruments could play an important role in studying drought impacts on food production and shifts in soil stresses associated with climate change. In the paper by Aamlid et al., the impact of a nonionic surfactant on water movement and retention in a golf green soil was studied. They also examined the impacts on pesticide and nutrient leaching, turf quality and root-zone composition. The surfactant was found to increase water transport and retention considerably, with many positive environmental impacts. This technology combated water repellency, which results from naturally occurring organic coatings that make pore walls hydrophobic.
In Session 1, "The measurement and modelling of hydrological processes influenced by biology at various scales" state-of-the-art advances in measuring hydrological processes at different scales were presented. The session was convened by Dr. Paul D. Hallett (Scottish Crop Research Institute, Invergowrie, Dundee, UK) and Dr. Viliam Novák (Institute of Hydrology SAS, Bratislava, Slovakia). The papers published in this issue of Biologia focussed mainly on the interaction between plant cover and soil hydrology. Kobayashi et al. reanalysed a model of soil hydrology incorporating rainfall interception and macropore flow to examine the impacts of vegetation, soil texture and wetness. In crop fields, they concluded that biohydrological processes have a large impact on the water balance of crop fields. A highly controlled experimental methods to investigate crop water balances, particularly the impacts of water deficit and salt accumulation, was described by Kitano et al. They demonstrated the potential stresses plants experience in degraded semiarid soils using a large sized soil column system. At field scale, Pekárová et al. studied the hydrological difference between forested and agricultural watersheds. They found up to 4 times more run-off from agricultural land when the land was bare, but similar hydrology from April to June when vegetation had a large impact for both land uses. Novák et al. examined the impact of heating on the persistence of water repellency, saturated hydraulic conductivity, and water retention characteristics of soils from both forest and meadow sites in southwest Slovakia. They found for both the drying and wetting branches of soil water retention curves that an increase in soil water repellency resulted in a drop in soil water content at the same matric potential.
Session 2 "Biology and soil hydrology interactions with climate" focused on interactions and feedbacks between soil hydrology, biology and climate, and how these may alter under anticipated future climatic change. The session was convened by Dr. Axel Kleidon (Max-Planck-Institute for Biogeochemistry, Jena, Germany) and Dr. Miloslav Šír (Institute of Hydrodynamics AS CR, Prague, Czech Republic), and 4 papers represent the contributions to this session.
Hernadi et al. showed that the water regimes in the majority of Chernozem soil subtypes they studied were very sensitive to two predicted climate change scenarios. These changes in water regime will impact crop yield, which Saue and Kadaja examined from the redistribution of precipitation on slopes and crop yield. They used a potato model POMOD, operating with the concept of meteorologically possible yield (MPY), supplemented with a sub-scheme. Excess water reduced yields in foothills in a moist region, whereas crop yields on sloping land in a drier region were highly sensitive to the amount of water inflow.
Střelcová et al. measured tree sap flow and calculated tree transpiration in an untouched 120 year old forest composed from spruce (80%) and larch (20%) trees. Although the water budget was influenced most by tree density, sap flow rate depended on vapour pressure deficit (VPD) and was significantly differs between both tree species.
Pollution is another potential climatic impact on biohydrology. Fišák et al. compared concentrations of heavy metals (Al, As, Cu, Fe, Pb, Ti and Zn) from samples of rime/fog water and dust in the air. They found that the concentrations of pollutants from the air were different in rime water and fog water and that concentrations of soluble forms of elements in rime and fog water were surprisingly high compared with their insoluble forms.
Session 3 "Interaction between agriculture and soil hydrology" focused on possible interactions and mechanisms linking agricultural practices and changes in soil chemical, physicochemical and physical properties leading to changes in soil hydrology. The session was convened by Prof. Gabriele E. Schaumann (University Koblenz-Landau, Landau, Germany) and Dr. Kálmán Rajkai (Research Institute for Soil Science and Agricultural Chemistry HAS, Budapest, Hungary). This session has 13 papers in this issue of Biologia.
Many of the papers reflect the current concerns about food security. Huzsvai and Rajkai introduce and apply a newly built model for crop response to climatic drought. In climatic drought, evapotranspiration intensity is greater than root water uptake. Using data for maize, they demonstrate the adaptability of plants to water deficit. Jafarzadeh et al. applied decision support models to investigate the suitability of the Souma area in Iran for crop production. They found an encouraging 80% of the land could be used for crop production, with maize having an excellent suitability whilst alfalfa was only moderately suitable. Another study in the Middle East by Amer determined vapour pressure isotherms, moisture adsorption capacity, surface area, and hygroscopic water content of soils with differing in texture, CaCO 3 and salinity in the west and middle Nile Delta. This fundamental study provides essential understanding that is required to improve the productivity of soils in the region. Water is also essential to nutrient uptake, which was studied by Aliasgharzad et al. Through AM fungal inoculation and increased irrigation interval, P and K uptake could be increased with positive implications to plant productivity.
Improving soil conditions could also increase crop production. Sharma and Sharma looked at various new systems of land use: livestock based, forestry, agroforestry, agriculture, agri-horti-silvi-pastoral and horticulture land use systems. Amongst the many significant findings of this paper was the benefit of livestock to soil fertility. After ten years, inorganic sources of nutrients were not yet required in watersheds where livestock were kept. Szejba et al. demonstrated the benefits of field drainage, showing that drained loam soil had a ground water level that was on average 42 cm higher that of un-drained clay loam soil. Drainage had a positive impact on soil moisture and also potential evapotranspiration.
Soil quality, however, is threatened in many regions of the world by salinisation. Yasutake et al. examined fields irrigated from the Yellow River in China. They found alarming levels of Na + , Cl − and SO
2− 4
ions in groundwater, whereas crop accumulation of K + , reflect the active and selective ion uptake of roots. Another threat to soils is erosion. As shown by Baja et al. for Indonesia, areas of land that can be identified for erosion susceptibility using GIS and models such as the USLE, need to be managed carefully for sustainabile land use. The potential impact of climate change on soil degradation in the Souma area of Iran was modelled by Shahbazi et al. They predict that climate change will increase wind erosion in this area, but that water erosion will be similar. Kändler and Seidler showed the large impact of erosion on water quality of a small catchment in Germany. Nitrate concentration was lower during the summer and early autumn than in spring with the same discharge.
Erosion depends considerably on biological processes. In a study on organically-managed citrus orchards in eastern Spain, Cerda et al. found that the sediment concentrations were 300% higher on plots with ant mounds despite having similar runoff rates to plots without ants. Erosion depends on the physical stability of soil, which was studied by Kodešová et al. Organic matter and iron oxides were shown to increase soil aggregate stability, with periodic tillage having deleterious impacts. Aggregate stability may actually improve under the CO 2 levels predicted for the future based on the results presented by Gordon and Hallett. In a short-term experiment, they found that soils planted with barley grown at elevated CO 2 had slightly slower wetting rates than under plants grown at ambient levels.
Session 4 "Influence of biology on soil hydrological processes in natural systems" explored the influence of biology on soil hydrology through experimentation, observation, and theoretical approaches, ranging from pore to basin scales. The session was convened by Prof. Artemi Cerda (University of Valencia, Valencia, Spain) and Dr. Miroslav Tesař (Institute of Hydrodynamics AS CR, Prague, Czech Republic), and 9 papers represent the contributions to this session.
A major driver in the terrestrial water balance is transpiration by plants. Simulations presented by Buchtele and Tesař illustrate the dominant role of transpiration in comparison to other components of evapotranspiration for forests. They also demonstrated the interaction between evapotranspiration and groundwater storage. Hrvoľ et al. imodelled actual and potential evapotranspiration at selected stations of Slovakia. This was based on a common solution of energy and water balance equations of the top one-meter layer of the soil. Mészároš and Miklánek modelled spatial evapotranspiration patterns for vegetation cover using three different methods (Simple regression model, Radiation model by FAO and Penman-Monteith model). Depending on the model, the spatial distribution was closely matched with either solar energy or vegetation. Transpiration influences leaf temperature and subsequently phytomass productivity. Šír et al. simulated these interactions using field data and found that the optimum leaf temperature for plant growth is 25
• C. In drier and warmer seasons they showed that the potential production time can be reduced by up to 40% by water scarcity.
Another major interaction between biology and hydrology in rainfall interception. Holko et al. found a spruce forest intercepted about 23% of precipitation in an August-November study period. Therefore, a change in land use that affects vegetation can have major implications to hydrology. This was shown by Hlavčová et al. who applied a distributed hydrological model for estimating land use induced changes in a runoff regime.
At smaller scale, hydrology is influenced considerably by biopores, which was studied by Dohnal et al. Predictions of infiltration rates and wetting front depths based on measured hydraulic characteristics failed to describe the infiltration unless preferential flow effects were taken into account. Vegetation cover also influences infiltration, as shown by Homolák et al. who used both minidisk infiltrometer and a dye tracer experiment to characterise hydraulic properties. They found the predicted and measured hydraulic conductivity within an order of magnitude in some cases, thus revealing a similar impact of different plant cover on hydraulic properties of sandy soil studied.
Gömöryová et al. assessed the effect of the amendment with alginite, an organic rock originating from the biomass of fossilized unicellular algae, on microbial activity of forest soils using a pot experiment. They found that alginite amendment is likely to be beneficial only in poor sandy soils.
Session 5 "Managing soils to improve interactions between biology and hydrology" examined (i) how land management can reduce detrimental impacts related to biohydrological processes, such as, for example, poor wettability, preferential flow, accelerated leaching of agricultural chemicals and poor water retention, but also considered (ii) positive effects such as soil stabilisation, aggregation and land restoration. The session was convened by Dr. Stefan H. Doerr (University of Wales Swansea, Swansea, UK) and Dr. Ľubomír Lichner (Institute of Hydrology SAS, Bratislava, Slovakia) and 6 papers represent the contributions to this session.
Physical disturbance of soil and changes in surface vegetation both have major implications to hydrology. Pintar et al. investigated the different management of ski slopes influenced soil hydrology. More disturbed ski slopes generally held less water in soil, particularly when compared to less disturbed pastures. Agricultural soil tillage is another form of physical disturbance that affects soil hydrology, as studied by Farkas et al. who considered the impact on crops in arid conditions. They found that the uniform and "over-standardized" adaptation of tillage methods for soil moisture conservation is rather risky, emphasising the need for site-specific precision technologies. Tillage also influences biological processes in soil. Tóth et al. found CO 2 efflux from soil was greatest in no-till and the smallest in ploughed soils due to accessible organic carbon for microbes.
Thus soil can be managed to improve both biological and hydrological conditions, including interactive effects between these properties such as aggregation, biopores and plant transpiration. Hauchart studied the consequences of cotton practices on hydrological processes under conditions of climate change in the western part of Burkina Faso. She found that the durability of cotton farming systems relies on the implementation of rainwater management to ensure soil fertility improvement.
A threat to water conservation is water repellency. Lachacz et al. found that peat soil formations had a higher potential of water repellency than muck soil formations. A significant positive correlation between the content of organic matter, organic carbon, total nitrogen and water repellency was observed. Golf courses are also prone to water repellency because the soils have small surface areas and considerable organic inputs from grass thatch. Aamlid et al. evaluated the potential of a surfactant Aqueduct to overcome soil water repellency and restore turfgrass quality on a green with severe drought symptoms. Conspicuous and statistically significant improvements in turfgrass quality occurred 10-12 days after the first application of surfactant. The improvement was accompanied by a significant increase in the SWC of the 0-20 cm soil layer and a deeper root system.
The papers described in this Foreword reflect the complexity of biological and hydrological interactions in soil. Scales from micrometre to national level were examined. The range of organisms studied includes agricultural crops, ants, earthworms, fungi, trees, livestock and man. The topics cover both managed and natural systems, including forests, arable fields, pasture and the pasture of greying western man -golf courses. The research examined past problems, current threats and future challenges facing humanity such as climate change, soil degradation and food security. Biohydrology is a complex science with significant relevance in the world today.
We would like to conclude by expressing our hope that the result of the present thematic issue will act as a stimulus for initiating new research projects and contribute to finding solutions to the global threats of water scarcity and soil degradation.
